INTRODUCTION
En-bloc surgical resection based on the concept of total mesorectal excision (TME) remains the mainstay of curative treatment options for rectal carcinoma [1, 2] . Identification of lymph node (LN) metastasis is one of the most important pathologic predictors associated with both local recurrence and disease-specific survival [3, 4] .
In the American Joint Committee on Cancer and the International Union Against Cancer (AJCC/UICC) tumor, node, metastasis (TNM) staging system, the classification of LN metastasis (pN) in patients with stage III colorectal cancer is established on the basis of the number of LN involved (pN1, metastatic node ≤ 3; pN2, metastatic node ≥ 4) [5] . This number-based LN classification, however, may have inherent limits. As the number of LNs examined increases, accuracy in staging and long-term survival is improving [6] [7] [8] . Many studies have been performed to determine the optimal number of LNs to be examined to stage nodal disease accurately [8] [9] [10] , but results showed a high degree of variability, and no definite consensus on the number of LNs to be examined for accurate staging has yet been made. Paradoxically, moreover, the number of metastatic LN(s) may increase when more LNs are retrieved in stage III disease. To overcome these ambiguities associated with simple number-based LN classification, more recent evidences emphasize the importance of ratio-based LN staging as a predictor of survival and this metastatic LN ratio (LNR), which considers the number of both metastatic and retrieved LNs, has been suggested to be an important prognostic factor in colon and rectal carcinoma [11] [12] [13] . This nodal classification may obviate the risk of over-staging or under-staging incurred in the pN classification used in the TNM staging system and may provide more accurate prognostic information from LN involvement.
The aim of this study was to discover whether the ratio between metastatic and examined LNs can predict survival in patients with stage III rectal carcinoma.
METHODS
From the database of patients who underwent surgical resection for colorectal cancer under the care of the Department of Surgery, Dong-A University Medical
Center from 1996 through 2002, stage III rectal carcinomas, where a radical R0 resection was performed, were reviewed. All patients underwent surgery according to the principles of TME, as previously described [14] . Postop- Overall 5-year DFS in this analysis was 60.2%. Patients were stratified into four groups based on quartiles of the LNR to explore if a specific cutoff could affect oncologic outcome. Based on Kaplan-Meier plots (Fig. 2) , cutoff points of quartiles of the LNR considered the best indicator for separating patients with regards to 5-year DFS were between quartile 2 and 3 (95% CI, 0.0594 to 0.3398; P ＜ 0.0001), and between 3 and 4 (95% CI, 0.1629 to 0.5059; P ＜ 0.0001); they were restaged into 3 subgroups (LNR1, 2, and 3; Table 2 ). The 5-year DFS according to this LNR-based staging was 89.6%, 55.8%, and 18.2% for LNR1, LNR 2, and LNR3, respectively (P ＜ 0.0001, Fig. 3 ). Table 3 demonstrates that LNR obviously discloses onco- 18.2%; P ＜ 0.0001). Moreover, in each LNR category, DFS between pN1 and pN2 was not different statistically.
Probability of stage migration in the AJCC/UICC nodal classification might be inferred from the finding that 5-year DFS of 45% for pN1 subgroup with LNR2 was less favorable than that of 76.9% for pN2 subgroup with LNR1, although statistically insignificant (P = 0.1094).
To determine independent prognostic covariates for 5-year DFS, a multivariate analysis using the Cox proportional hazard regression model was performed. Both pN and LNR categories were considered as a factor related to nodal status in this model. As shown in Table 4 , LNR was the strongest prognostic covariate (χ 2 = 33.2977, P ＜ 0.0001), followed by pT stage (χ 2 = 3.9933, P = 0.0457), and preoperative serum carcinoembryonic antigen level (χ 2 = 3.9490, P = 0.0469). In addition, evaluation of 95% CI for the relative risk (hazard ratio) of relapse at each level of covariates also confirmed strong predictive ability of the LNR; LNR2 showed 3.6 times more risk of relapse than LNR1 (95% CI, 1.682-7.584) and LNR3, 18.7 times more risk than LNR1 (95% CI, 6.872-50.664). pN by the AJCC/ UICC classification, however, was not found to be an independent prognostic predictor in this model.
DISCUSSION
Determination of regional LN status has long been considered to be one of the most important factors in predicting the likelihood of long-term survival in colon and rectal carcinoma. LN disease in the most recent AJCC/UICC thesurgery.or.kr TNM system revised in 2002 is categorized simply according to the number of metastatic LN(s) present [5] . This current number-based nodal staging category of the TNM system, however, can now be criticized for the fact that the number of metastatic LN(s) present may be influenced by the total number of LNs to be examined and thus, probability of stage migration cannot be ignored [6] [7] [8] [9] [10] 15] . In an attempt to overcome these shortcomings, LNR, which defines the ratio of the number of metastatic-to-total number of LNs, has been proposed as a potentially more informative prognostic indicator for LN status. This ratio-based nodal staging has been studied extensively in gastric cancer. Compared to the number-based AJCC/UICC classification or Japanese classification of gastric carcinoma [16] , ratio-based nodal staging has been suggested to be a highly reliable staging system with a strong ability to predict oncologic outcome [17] [18] [19] [20] [21] [22] . Similar results have been reported in other solid tumors, as well [23] [24] [25] . A significance of the LNR relevant to oncologic prognosis in colon cancer has been presented recently [11] [12] [13] . Berger et al. [12] analyzed data from the Intergroup 0089 trial and concluded that LNR was an important prognostic factor for colon carcinoma and that LNR may decrease the potential for stage migration, which can be influenced by the number of dissected LNs. Our previous study also demonstrated that LNR was the strongest prognostic covariate in node-positive colon cancer [11] . Oncologic significance of LNR in rectal cancer might be somewhat ambiguous in interpretation because of diverse adjuvant modalities. To keep the homogeneity in study populations, the current study considered only those patients who received postoperative chemotherapy (upper rectal cancer) or chemoradiation therapy (mid or lower rectal cancer). Like in colon cancer, results clearly indicated that nodal staging according to the LNR had a significant oncologic relevance in stage III rectal cancer. Larger-scale studies also concluded that LNR was the most significant predictor of survival in patients with LN-positive rectal cancer, irrespective of adjuvant modalities [13, 26, 27] .
Highly suggestive in this study are the findings in Table   3 that LNR obviously discloses oncologically distinct sub- an LNR of more than 40% is much worse (60%) than that for N2 patients with an LNR of less than 20% (73%). As also evidenced in gastric cancer, the ratio-based nodal staging decreased the incidence of stage migration significantly [18] [19] [20] .
Although the LNR has been emphasized as a significant prognostic predictor, quantification should be followed , pT, pN for clinical application with validity. Contrary to the pN in the AJCC/UICC staging system where uniform parameters are adapted for stratification, no consistent categorical division for prognostic stratification has been established in the ratio-based nodal staging, yet. In literature, the methodological criteria to set cutoff levels were inconsistent with each other and different levels of cutoff for its staging have been used [19] [20] [21] [22] 24] . Statistically, stratification according to quartiles of ratio distribution seems to be sound and has been applied in diverse cancers [11, 13, 23] . To be of objective validity in this study, the author, at first, divided the ratio into 4 groups based on quartiles of the distribution and then, the ratio above which the 5-year DFS drastically decreased was established as a cutoff point based on Kaplan-Meier plots and log-rank test. Table 5 . We noted that the covariate pN was selected when LNR was not included. On the other hand, LNR, not pN, was selected when both were included in the final Cox regression and proved to be the most predictive covariate among all others. The similar method of multivariate analysis in recent studies with rectal cancer also showed that the covariate AJCC/UICC pN classification was not associated with prognosis in any cases, whereas the LNR was the most powerful factor associated with overall and DFS rates [13, 26, 27] . When impact of the LNR according to the number of LNs examined was analyzed, the LNR was an independent prognostic factor for overall survival even in the subgroup of patients in whom fewer than 12 LNs were examined [27] . Therefore, nodal classification according to the LNR is considered a better qualified independent prognostic determinant than the number-based pN and could replace total number of metastatic LN in future staging systems.
In conclusion, the current study suggests that the LNR displays a better stratification of the LN disease from an oncologic point of view and minimize the probability of stage migration compared with pN which may be influenced by the number of LNs examined. The ratio-based LN staging can be considered a simple and reliable system to assess oncologic prognosis of patients who underwent a potentially curative radical resection for LN-positive rectal cancer.
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